Phylogenetic affinities of the late Miocene echimyid {Pampamys emmonsae Verzi, Vucetich, and Montalvo, 1995 (Huayquerian South American Land Mammal Age, central Argentina), were analyzed. In the mostparsimonious tree obtained, subfamilies of Echimyidae were nonmonophyletic (except for Dactylomyinae). Two major clades were recovered. One of them included the living fossorial Eumysopinae and the extinct {Theridomysops. The other clade grouped the terrestrial eumysopines Thrichomys (punaré) and ProechimysTrinomys (spiny rats), and the arboreal eumysopines Mesomys (spiny tree-rats) + Echimyinae-Dactylomyinae. {Pampamys was the sister genus of Thrichomys, suggesting the Huayquerian South American Land Mammal Age (.6.0 million years ago [mya] by biochronology) as a minimum age for the origin of the living genus. Both major echimyid clades recognized here are represented by simplified-molared species in the Huayquerian South American Land Mammal Age. This would be related to the expansion of open environments during the late Miocene, and the geographical bias of the fossiliferous Huayquerian deposits exposed mostly in southern South America.
if, incisive foramina; ipf; interpremaxillary foramen; I1, upper incisive; I1as, alveolar sheath of upper incisive; f, frontal; m, maxillary; n, nasal; n-f, nasal-frontal suture; pb, anterior portion of palatal bridge; pm, premaxillary; pm-f, premaxillary-frontal suture; pm-m, premaxillarymaxillary suture; ps, premaxillary septum; rmf, rostral masseteric fossa; zr, anterior zygomatic root. Scale 5 5 mm.
FIG.
3.-Nomenclature for upper and lower teeth of {Pampamys emmonsae (following Candela [2002] and Marivaux et al. [2004] GHUNLPam 2229, 5078, 5083, 5235, 5244, 5316, 5318, 5455, 2 5456, 8557, 8558, 8571, 8977, 14423, 14992) Fig. 1 ; .
Extended Diagnosis
Smaller than Thrichomys. Rostrum short and wide; width of incisive foramina nearly 50% of rostrum width. Anterior portion of palatal bridge forming a vertical wall at level of alveolar margins of DP4. Anterior zygomatic root with its anterior margin markedly convex and slightly ahead of the DP4; this root is anteroposteriorly broader than that of Thrichomys and narrower than those of Clyomys and Euryzygomatomys. Nasals and premaxillaries extending posteriorly up to level of root of antorbital zygomatic ramus. Rostral masseteric fossa short, posterior to premaxillarymaxillary suture. Lateral flange for infraorbital nerve absent. Cheek teeth enamel proportionally thinner than in Thrichomys. Upper cheek teeth tetralophodont and unilaterally hypsodont. Protoloph with lingual end markedly narrowed in juveniles. Mandibular masseteric crest very bowed. Anterior end of lower diastema level with or slightly below occlusal plane of cheek teeth. Anterior wall of Dp4 alveolus without a marked step. Dp4 tetralophodont and with metalophulid II forming a spur larger than that of Clyomys and Euryzygomatomys. The most anterior flexid open both labially and lingually in juveniles, with the labial opening more persistent. Lower molars tetralophodont, with metaflexid more persistent than mesoflexid.
Description
Skull.-The rostrum is partially preserved in GHUNLPam 5078 (Fig. 2) ; it is wider and shorter than in the living echimyids Thrichomys, Clyomys laticeps, and Euryzygomatomys spinosus. The interpremaxillary foramen is small ( Fig. 2A) . The incisive foramina are wide, approximately half the rostrum width, as in Thrichomys. The premaxillarymaxillary suture is close to the anterior end of the incisive foramina. The premaxillary septum is moderately wide and narrows gradually backward as in Thrichomys laurentius (see Neves and Pessôa [2011] : Fig. 4A) ; in E. spinosus and C. laticeps, the anterior portion is markedly wider. The septum is not visible in lateral view because it is hidden inside the incisive foramina as in Thrichomys. The anterior portion of the palatal bridge forms a vertical plate with a medial crest, located at the level of the anterior edge of DP4 (Fig. 2B ). This plate is more vertical than in Thrichomys.
Nasals and premaxillaries extend more posteriorly than in Thrichomys, C. laticeps, and E. spinosus, behind the level of the root of the antorbital zygomatic ramus (Fig. 2C) . The lateral margins of the nasals are straight as in Thrichomys. The rostral masseteric fossa (for the origin of the infraorbital part of the medial masseter muscle [Woods and Howland 1979] ) is short as in Thrichomys; it is posterior to the premaxillarymaxillary suture and dorsal to the incisive alveolus (Fig. 2D) . The anterior zygomatic root is anteroposteriorly broader than that of Thrichomys and narrower than those of Clyomys and Euryzygomatomys. Its anterior margin is markedly convex. It is more posterior than in Thrichomys, C. laticeps, and E. spinosus, level with DP4. There is no lateral flange for the infraorbital nerve (Fig. 2E) ; this flange shows different degrees of development in Thrichomys, C. laticeps, E. spinosus, and Proechimys (spiny rats).
Upper teeth.-The upper incisor is narrow, with short bevel; in lateral view, its base markedly protrudes in the rostrum dorsally to the DP4 (Fig. 2D) ; in Thrichomys this protrusion is more anterior and less marked.
The upper cheek teeth are tetralophodont, with unilateral hypsodonty. DP4 is the smallest molariform, whereas M2 is the largest. The M3 is narrower posteriorly than anteriorly. In M1-3 the protocone area is wider than in Thrichomys, C. laticeps, and E. spinosus. Lophs are long in adults. In juveniles the protoloph has a marked constriction on the lingual end (Figs. 3, 4A, and 4B). In Thrichomys this constriction is less marked; in the late Miocene {Theridomysops parvulus, and especially in C. laticeps and E. spinosus, the protoloph is reduced to a labial tubercle that joins the anteroloph in adults (Montalvo et al. 1998; Vucetich 1995) . As a result, in adults of C. laticeps and E. spinosus, the 2nd loph is the mesoloph, not the protoloph as in Thrichomys and {Pampamys (Fig. 3) . The bottom of the hypoflexus is oriented toward the bottom of the paraflexus. The mesoflexus is the most persistent flexus, whereas the metaflexus is the most ephemeral. The latter, or its corresponding fossette, is comparatively more persistent than in Thrichomys (Fig. 4 ; Neves and Pessôa 2011). The DP4 of GHUNLPam 5456 (Fig. 4E) and MLP 65-VII-29-88 (Fig. 4I) , and the M1 of this latter and GHUNLPam 5083 (Fig. 4H ) lack the metafossette, resulting in a trilophodont morphology with the 3rd loph wider anteroposteriorly than in Thrichomys. Vucetich and Verzi (1996) reported aff. Thrichomys from the Huayquerian South American Land Mammal Age of the Cerro Azul Formation on the basis of a palatal fragment (MLP 65-VII-29-88, Fig. 4I , collection number not mentioned by the authors) here assigned to {Pampamys. We support the assignment of the skull remains described here to {P. emmonsae based on a comparison with an ontogenetic series of the closely related Thrichomys (Verzi et al. 1995 (Verzi et al. , 1999 . The skull and mandibular remains assigned to {P. emmonsae show close correspondence in size and dental morphology to each other, analogous to that seen in the living genus (cf. Although no associated remains have been found, the skull materials come from localities in which mandibular remains of this species have been found. In addition, no other rodent skull or upper teeth exhumed from these localities match these mandibles.
Remarks

Phylogenetic Analysis
One most-parsimonious tree of 71 steps (consistency index 5 0.746, retention index 5 0.877) was found using the implicit enumeration search option. Bremer support (Bremer 1994 ) and relative Bremer support values for the nodes are given in Fig. 5 .
Two major clades were recovered. One of them, including the living fossorial Carterodon, Clyomys, and Euryzygomatomys and the extinct {Theridomysops, was supported by 5 nonambiguous synapomorphies. The late Miocene {Therido-mysops and Euryzygomatomys-Clyomys shared the morphology of the protoloph of M1-2, which is reduced forming a labial tubercle isolated or fused to the anteroloph (character-state 45 [1] ). The other clade included the remaining species analyzed. The basal node of this clade was supported by 2 nonambiguous synapomorphies: lack of a crest in the maxillary septum (character-state 3 [1] ), and the lateral palatine plate low and posteriorly extended (character-state 30 [1] ). ProechimysTrinomys (spiny rats) and Mesomys (spiny tree-rat) were clustered with species traditionally included in the subfamilies Echimyinae and Dactylomyinae (Woods and Kilpatrick 2005) . This clade was supported by having a laterally oriented inferior margin of the posterior process of the squamosal (characterstate 36 [1] ), and a vertical postcondyloid process (characterstate 40 [1] ). The grouping {Pampamys-Thrichomys was strongly supported (Fig. 5) . These 2 genera shared wide incisive foramina (character-state 8 [1] ), the posterior margin of incisive foramina level with the anterior margin of the DP4 (character-state 9 [1] ), and the notch for the tendon of the medial masseter muscle incorporated into the origin of the masseteric crest and scarcely evident (character-state 42 [1] ).
DISCUSSION
Echimyids are morphologically conservative caviomorphs (Reig 1986 ). This has hindered the understanding of their systematic relationships; thus, the traditional subfamilial groupings have not, or have only partially, been recovered in phylogenetic analyses (Carvalho and Salles 2004; Emmons 2005; Galewski et al. 2005; Leite and Patton 2002) . Our results, based on morphological characters, produced similar results. In line with previous morphological (Emmons 2005 ) and molecular (Galewski et al. 2005) phylogenies, 2 major clades were recovered. One of them included the living fossorial eumysopines (tribe Euryzygomatomyini of Emmons [2005] ) and {Theridomysops (Montalvo et al. 1998; Vucetich 1995) , and the other clustered the terrestrial eumysopines Thrichomys{Pampamys and Proechimys-Trinomys with arboreal echimyines-dactylomyines. Thus, neither the traditional subfamily Eumysopinae (Woods and Kilpatrick 2005) nor the more restricted grouping of eumysopines with simplified molars proposed by Verzi et al. (1995; see also Carvalho and Salles 2004) were monophyletic in this analysis, as also shown in previous analyses (Emmons 2005; Galewski et al. 2005; Leite and Patton 2002) . The reduction in the number of crests in these latter simplified-molared species would have followed at least 2 independent evolutionary pathways of change.
In the original description based on mandibular remains, Verzi et al. (1995) pointed out that {Pampamys could be related to the differentiation of the living Thrichomys, or alternatively to Clyomys and Euryzygomatomys. According to the phylogenetic results reported here, {Pampamys is the sister taxon of Thrichomys; moreover, the analyzed characters do not contradict a relationship of direct ancestrality with the living genus (Verzi et al. 1999) . Beyond the latter, we consider {Pampamys as the sister genus of Thrichomys, and consequently its oldest record in Laguna Chillhué (Zone of Chasichimys scagliai, late Huayquerian, .6.0 million years ago [mya] by biochronology [Deschamps et al. 2009; ]) would provide a minimum age (Benton and Donoghue 2007) for the origin of the Thrichomys lineage. Pascual (1967; Reig 1989 ) extended the biochron of Thrichomys up to the lower late Miocene (approximately 9.0 mya by radiometric dates) based on a Chasicoan species of ''Cercomys'' (a nonvalid senior synonym of Thrichomys [see Petter 1973] ) that was later reassigned to the family Octodontidae (Verzi 2002; Verzi and Arnal 2007; Vucetich et al., in press ).
In the Huayquerian South American Land Mammal Age, echimyids are represented by species with simplified molars related to terrestrial and fossorial living taxa (Marshall and Sempere 1991; Verzi et al. , 1995 Vucetich and Verzi 1996) . Although dental similarities among these echimyids have been previously interpreted as synapomorphics (Verzi et al. 1995) , the results of this analysis suggest that these most likely represent independently acquired adaptations. Simplification of molar occlusal morphology occurs among unrelated rodents that inhabit open areas (Moojen 1948; Rocha 1995 ; Schmidt-Kittler 1984; Verzi et al. 2004) . The Huayquerian record of simplified-molared species belonging to the 2 major clades of Echimyidae would be related with the expansion of open environments during the late Miocene (Ortiz Jaureguizar and Cladera 2006 and literature therein), as well as with the geographical bias of the fossiliferous deposits, mostly exposed in southern South America . Moreover, the absence or scarcity in this record of species related to echimyid clades that are currently diversified in forested habitats of northern South America (Emmons 2005; Emmons and Feer 1997; Lara and Patton 2000) also could be due to these same causes (Verzi et al. 1995) .
RESUMEN
Se describen nuevos restos craneanos y se analizan las afinidades filogenéticas del equímido {Pampamys emmonsae Verzi, Vucetich, and Montalvo, 1995 (Mioceno tardío, Argentina central) . En la filogenia obtenida, las subfamilias de Echimyidae resultaron no monofiléticas (a excepción de Dactylomyinae). Se recuperaron dos clados principales; uno de ellos resultó integrado por los Eumysopinae fosoriales Carterodon-Clyomys-Euryzygomatomys y el extinto {Theridomy-sops; el restante por los Eumysopinae terrestres Thrichomys y Proechimys-Trinomys junto a los arborícolas Mesomys + Echimyinae-Dactylomyinae. {Pampamys se ubicó como género hermano de Thrichomys, lo que sugiere el Huayqueriense tardío (.6.0 millones de años por biocronología) como edad mínima para el origen del género viviente. En el Huayqueriense, los 2 clados de equímidos aquí reconocidos están representados por especies con molares simplificados. Este registro, y la ausencia de taxones actualmente diversificados en hábitats forestados del norte de América del Sur, serían consecuencia de la expansión de ambientes abiertos en el Mioceno tardío y la distribución esencialmente austral de los yacimientos portadores.
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LITERATURE CITED
Character 46.-Anterior portion of the Dp4 (Carvalho and Salles 2004) : (0) with metalophulid II and mesolophid present; occasionally, the metalophulid II is joined to the metalophulid I by loss of the fossettid; (1) metalophulid II reduced or absent and the 2nd crest formed by the mesolophid; (2) metalophulid II and mesolophid reduced to a spur or absent, 2nd crest formed by the hypolophid; (3) 2nd crest complex formed by the union of the metalophulid II and the mesolophid (crest C of Carvalho and Salles [2004] ).
APPENDIX III
Data matrix analyzed. Polymorphic character: A (0 and 1); multistate characters were treated as unordered. 
